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Abstract
Almost two hundred years ago Hunter recognized the necessity of extracting teeth to ’’procure room for
the others which are to be brought into the arch.” He further noted that, ”To extract an irregular tooth
would answer but little purpose if no alteration could be made in the situation of the rest.”1
Extraction of selected teeth to gain room for the proper placement of the rest, and the subsequent
procedures to utilize this space to the utmost advantage, have been integral parts of orthodontic
treatment for many years.
Strang and Thompson2 stated that the ability to manipulate any orthodontic mechanisms successfully
depends upon a complete understanding of the anchorage available in the structures that are to be
modified.
Fogel and Magill3 observed that the proper utilization of the extraction space was such an important
endeavor that the success or failure of treatment depended upon it. Because of the cardinal importance
of space conservation, anchorage has become a dominant consideration in the treatment of most
malocclusions.
The ever-present problem of establishing and preserving anchorage during treatment still remains to be
solved in a manner that is satisfactory to all orthodontists.
Through the years, devices both intraoral and extraoral have been designed to preserve the stability of the
teeth being used as anchorage. These devices were basically mechanical in nature.
In 1954 Begg4 introduced a technique based upon the use of light differential forces which did not
appreciably disturb the anchor teeth. This technique applied physiologic principles in combination with
clinically proven mechanics. The application of differential force is possible primarily because of the
difference in root surface area of the various teeth; the greater the surface area, the greater the force
required to initiate movement.
The purposes of this study were to conduct a more thorough investigation of actual root surface area of
anterior teeth, and the posterior teeth used as anchorage, and to explore the possibilities of applying the
information clinically in anchorage preservation.
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I.

INTRODUCTION

Almost two hundred years ago Hunter recognized the
necessity of extracting teeth to ’’procure room for the others
which are to be brought into the arch.”

He further noted

that, ”To extract an irregular tooth would answer but little
purpose if no alteration could be made in the situation of
the rest.”-12
3
Extraction of selected teeth to gain room for the
proper placement of the rest, and the subsequent procedures
to utilize this space to the utmost advantage, have been
integral parts of orthodontic treatment for many years.
Strang and Thompson^ stated that the ability to manipu
late any orthodontic mechanisms successfully depends upon a
complete understanding of the anchorage available in the
structures that are to be modified.
Pogel and Magill^ observed that the proper utilization
of the extraction space was such an important endeavor that

1The Works of John Hunter, F.R.S., ed. James P. Palmer
(London: Longman, Rees, Orme, Brown, Greene, and Longman,
1835), II, 89.

2

Robert H. W. Strang, and Will M. Thompson, A Textbook
of Orthodontia (fourth edition; Philadelphia: Lea & Pebiger,
1955), P. 506.
3
Maxwell S. Pogel, and Jack M. Magill, ’’The Combi
nation Technique: A System of Controlled Light-wire Therapy,”
American Journal of Orthodontics, 14.9 (H): 802, November, 19 6 3 .

2
the success or failure of treatment depended upon it.
Because of the cardinal importance of space conservation,
anchorage has become a dominant consideration in the treat ment of most malocclusions.
The ever-present problem of establishing and pre
serving anchorage during treatment still remains to be solved
in a manner that is satisfactory to all orthodontists.
Through the years, devices both intraoral and extra
oral have been designed to preserve the stability of the
teeth being used as anchorage.

These devices were basically

mechanical in nature.
In 19Sbt Begg^- introduced a technique based upon the
use of light differential forces which did not appreciably
disturb the anchor teeth.

This technique applied physiologic

principles in combination with clinically proven mechanics.
The application of differential force is possible
primarily because of the difference in root surface area of
the various teeth; the greater the surface area, the greater
the force required to initiate movement.
The purposes of this study were to conduct a more
thorough investigation of actual root surface area of ante
rior teeth, and the posterior teeth used as anchorage, and

^"P. R. Begg, "Stone Age Man’s Dentition,” American
Journal of Orthodontics, I4.O:298-312, April; 14.0:373-3^3, May;
k0 sij.62-l4.7F, June; !|0:5l7-531, July, 19514-.

to explore the possibilities of applying the information
clinically in anchorage preservation.

II.
A.

REVIEW OF THE LITERATURE

Definition of Anchorage
Funk and Wagnall’s New Standard Dictionary defines

anchorage as ”that which affords support or security.”
Webster’s Collegiate Dictionary defines anchorage as ”a
sure hold for a heavy pull.”
Orthodontists have their own definitions of anchorage.
McCoy noted that:
Anchorage consists in the selection of adequate and
properly distributed resistance units for the control
and direction of force supplied to the teeth for neces
sary movement.5
According to Salzmann:
In order to move the teeth, we need resistance from
which the force applied to the teeth to be moved is to
originate. This is known as the principle of
anchorage.°
B.

Classification of Anchorage
There are a number of methods by which anchorage may

be obtained.

No discussion of the subject could proceed

without first reviewing the various classifications that have
been formulated.

^James D. McCoy, Applied Orthodontics (seventh
edition; Philadelphia: Lea & Febiger, l95L), p. 188.
kj. A. Salzmann, Principles of Orthodontics (second
edition; Philadelphia: J. B. Lippincott Company, 1950)>
p.

706.

Anchorage is divided into two large categories:
extraoral and intraoral. Extraoral anchorage can be subdi
vided into cervical, occipital, and facial.
Intraoral anchorage has two large subdivisions:
intramaxillary anchorage, and intermaxillary anchorage.
These can be subdivided further into simple, stationary, and
reciprocal.
Salzmann describes these types thus:
a) Simple (single). A tooth of greater support in
the alveolar process is used to move another tooth of
lesser support, as when a molar is used to move an
incisor. In simple anchorage the anchor tooth will be
tipped if it cannot overcome the resisting force of
the tooth to be moved.
b) Simple (compound). A number of teeth of greater
support are used to move teeth of lesser support.
c) Stationary. The appliance is so constructed
that no tipping force is exerted on the anchor teeth.
The anchor teeth would have to be moved bodily when
used as stationary anchorage. . . .
d) Reciprocal. There is reciprocal force exerted
between the tooth or teeth to be moved.7
C.

Methods of Securing Intraoral Anchorage
Through the years, many devices were fabricated to

strengthen intraoral anchorage.

7j. A. Salzmann, Principles of Orthodontics (second
edition; Philadelphia: J. B. Lippincott Company, 1950),
P. 707.

6
Victor Hugo Jackson,® in 1901]., described a method of
reinforcing anchorage which featured a vulcanite plate
covering the roof of the mouth and resting against the ante
rior part of the palate and the lingual of the incisors.
Mershon^ introduced the lingual archwire in 1908.

His

primary objective was not reinforcement of anchorage, but this
appliance was the basis for many anchorage devices which were
introduced later.
In 1914-9, Moyers and Higley described their ”stabilizing plate.”^0

it was a combination of the Mershon device

and the Hawley retainer.
Bedell-*-^- proposed an appliance similar to the old
Jackson removable appliance which gained its stability from
the supporting structures of the teeth as well as from the
teeth themselves.

D
°Victor H. Jackson, Orthodontia and Orthopaedia of
the Face (Philadelphia: J. B. Lippincott Company" 19Ok) 7 ”

PP. 7^397.
^J. V. Mershon, f,The Removable Lingual Arch as an
Appliance for the Treatment of Malocclusion of the Teeth,”
International Journal of Orthodontia, [|.:578 , November, 1918.

1 ^Robert E. Moyers, and L. Bodine Higley, ’’The Stabi
lizing Plate, an Adjunct to Orthodontic Therapy,” American
Journal of Orthodontics, 35:51|, January, 19i+9.
■^Walter R. Bedell, ”The Use of Tissue-Bearing
Anchorage Along and in Conjunction with Various Techniques in
Treatment,” American Journal of Orthodontics, l;0 :i4.0 9 , June,
1951+.

7
Weber

12

employed a maxillary lingual appliance which

was less bulky than the stabilizing plate of Higley and the
removable anchorage of Bedell, but employed the same prin
ciple of tissue-borne acrylic adapted to a modified lingual
archwire.
Pletcher1^ advocated the use of cast-gold overlays
cemented on the posterior segment of the dental arch to
assure stationary-type anchorage.
Tweed1^- utilized extraoral appliances, plus the pro
cedure of "setting” mandibular anchorage.

This procedure

consisted of tipping back the anchor molar teeth in both
dental arches at the beginning of treatment in order to gain
anchorage advantage by the toe hold effect.
The ultimate in intraoral anchorage, that of direct
attachment to basal bone, was studied by Gainsforth and
H i g l e y . T h i s proved ineffective because the vitallium

12

Paustin N. Weber, ”The Treatment of Extraction Cases
Using a Modified Twin Arch Wire Technique,” American Journal
of Orthodontics, lj.2:l65, March, 1956.
11

E.
C. Pletcher, ”Multiple-Unit Precision Castings in
Orthodontic Treatment,” American Journal of Orthodontics,
50:573-583, August, 196I4..
^Tweed Foundation Seminar. Tweed’s Technique Edge
wise Appliance. Syllabus, Orthodontic Department, The
University of Tennessee College of Dentistry, Memphis, I960.
15
B. L. Gainsforth, and L. Bodine Higley, ”A Study of
Orthodontic Anchorage Possibilities in Basal Bone,” American
Journal of Orthodontics, 31:14.15, August, 19I4.5 .

8
screws that were used for attachment to the bone sloughed out
sixteen to thirty-one days after insertion, whether or not
they had been subjected to traction force.
D.

Teeth as Units of Anchorage
When the specialty of orthodontics was in its infancy,

the operator naturally chose the larger teeth in the denture
as anchorage units.

According to A n d e r s o n , Desirabode

(I8I4.3 ) sought those teeth for anchorage that had roots
stronger than the teeth to be moved.

This selection was a

logical one because the larger the root, the greater the
number of periodontal fibers and the greater its stability.
In writing about the anchorage potential of teeth,
Rohde said, "The greater the number of periodontal fibers
employed, the greater the resistance.”*
1?
Although the teeth are the most obvious source of
anchorage within the mouth, it does not take long for the neo
phyte orthodontist to learn that Sir Isaac Newton anticipated
the orthodontist’s problems when he said, ”. . .

action and

reaction are equal and opposite,” --or, for every force
applied, there is an equal and opposite force.

^George M. Anderson, Practical Orthodontia (eighth
edition; St. Louis: The C. V. Mosby Company, 1955), p. 8 l.

1 ^Arthur C. Rohde, ’’Fundamentals of Anchorage, Force
and Movement,” American Journal of Orthodontics, 3ll:86ii,
October, I9I4-8 .

9
The paradox of orthodontics is that although treatment
may be severely limited by the mobility of teeth, it is this
very phenomenon upon which the practice of orthodontics is
based.
The instability of teeth as anchorage has been pointed
out many times.
According to Weinberger, in 1886 John Farrar said:
. . . the anchorage resistance of teeth has a limit
inside of which oral apparatus may be used with great
success, ou gside of which, caution, at least, is
necessary.1
Salzmann observed that, "True stationary anchorage is
impossible of achievement in living organisms.”1 9
Strang asserted:
Stationary anchorage in orthodontia . . . is a myth
in the final analysis of the term, and this fact must
never be lost sight of.20
Kanter expressed what seems to be the prevailing
doubts of the stability of intraoral anchorage and the cur
rent trend toward the greater use of extraoral anchorage for
reinforcement, thus:

l8Bemhard W. Weinberger, Orthodontics: An Historical
Review of Its Origin and Evolution (St. Louis: TKe C. V.
Mosby Company, 192b), Vol. II, p. 8 8 3 .
■^J. A. Salzmann, Principles of Orthodontics (second
edition; Philadelphia: J. B. Lippincott Company, 1950),
p. 707.
PO
Robert H. W. Strang, A Textbook of Orthodontia
(third edition; Philadelphia: Lea & Febiger, 1955), p. I4.6 I.

10
Increasing efforts are being devoted to the problem
of preserving the integrity of the mandibular arch
while it is being used as resistance to move segments
of the maxillary dental arch distally. 21
Although the unstable character of anchorage provided
by the teeth is recognized, it is still the most readily
available and by far the most commonly used source of anchor
age.

Since this type of anchorage is essential, and no suit

able substitute had been found, it remained for the orthodon
tist to devise a means of utilizing it to the best advantage.
According to Begg, the problem of using unstable teeth
as anchorage can be solved by applying appropriate amounts of
force, because:
Failure to move anterior teeth back, and inability
to prevent posterior teeth from moving forward into
premolar extraction spaces are not due to the use of
insufficient anchorage, . . . but to the use of
excessive forces.22
Tooth movement with the light wire technique is based
primarily on the use of light forces.

The term, "differ

ential force," as applied to orthodontics, was coined by
Begg.2^

The concept of differential force implies the

21

F.
Kanter, "Mandibular Anchorage and Extraoral
Force," American Journal of Orthodontics, 1+2:1914., March, 1956.

22 P. R. Begg, "Differential Force in Orthodontic
Treatment," American Journal of Orthodontics, k2:k92, July.
1956.
2 3p. R . Begg, Begg Orthodontic Theory and Technique
(Philadelphia, London: W. B. Saunders Company, 1965 ), p . 1.
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possibility of moving anterior teeth, posterior teeth, or
both by varying the magnitude of the intraoral forces used.
Storey and Smith^ verified the clinical observations
of Begg by demonstrating that the optimum range of forces for
movement of the canine or the molar anchorage unit was light
and physiologic in degree and directly related to root
surface area.
The optimum range of force for the distal movement of
the canine, without appreciably disturbing the molar anchor
age unit, was 150-200 grams.

The optimum force for mesial

movement of the molar without retraction of the canine ranged
from 300-500 grams.

Storey and Smith estimated the ratio of

the root surface area of the canine to that of the molar
anchorage unit is 3:8.

This ratio, and. the optimum range of

forces quoted, would be consistent with the clinical results.
The biological rationale for the use of light, differ
ential force may be summarized as follows:

Heavy forces

(over 8 ounces or 227 grams) result in undermining, resorp
tion, and retardation of tooth movement; whereas, light
forces (1 to

ounces or 28 to 113 grams) stimulate physio

logic bone resorption and deposition, resulting in rapid
tooth movement.

^ E . Storey, and R. Smith, "Force in Orthodontics and
Its Relation to Tooth Movement," Australian Journal of
Dentistry, 56:11-18, February, 1952.

12
With this technique, the anterior teeth can be used as
anchorage units to bring posterior teeth forward; but,
because the most common goal in orthodontics is to conserve
anchorage rather than to lose it, the factors involved in
preservation of anchorage were considered in this study.
Prominent clinicians such as Sandstedt,^5 Reitan,^
and Schwarz^ have drawn attention to the injurious effects
of using heavy forces to obtain tooth movement.
oQ
According to Newman, ° Sandstedt observed that heavy
forces crushed the periodontal membrane so that there was
cessation of the blood circulation, and subsequently necrosis
of both the bone and periodontal membrane in the localized
pressure areas involved.

As a result, normal resorption of

the bone could not occur from the periodontal side of the
lamina dura but took place on either side and behind the area
of necrosis; thus, tooth movement was hampered until the

Sandstedt, ’’Enrige Beitrage zur Theorie der
Zahnreguliekung Nordack,” Tandl. Tidsskr., No. I4., I90I4.;
No. 1, 1905.
K. Reitan, ’’Tissue Behavior During Orthodontic Tooth
Movement,” American Journal of Orthodontics, [4.6 :881 -889 ,
December, i960.
27
M. A. Schwarz, ’’Tissue Changes Incidental to Ortho
dontic Tooth Movement,” International Journal of Orthodontia,
18:331-352, April, 1932.
QQ
George V. Newman, ”A Biomechanical Analysis of the
Begg Light Arch Wire Technique,” American Journal of Ortho
dontics, 14.9:723* October, 19 6 3 .
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process of andermining resorption removed the necrotic
tissue.
Reitan’s ^ experiments revealed that excessive forces
delayed tooth movement, while continuous light forces were
more advantageous.

He suggested an optimum value of 250

grams for the continuous bodily movement of the canines.
Schwarz ’s^0 experiments led him to believe that the

most optimal tooth movement occurs when forces not greater
than the pressure in the blood capillaries (25 grams per
square centimeter) are used to move a tooth.

He suggested

light, continuous forces since they do not form osteoid tis
sue and necrotic reparative remnants, as do intermittent
forces, and therefore do not hinder movement.
Newman's^1 analysis of the Begg technique revealed
that the force applied to the anterior teeth theoretically
was 214. grams per tooth.

This closely approximates Schwarz’s

optimal range of force.
The use of light physiological forces was proposed as

^ k . Reitan, "Tissue Behavior During Orthodontic Tooth
Movement," American Journal of Orthodontics, lj.6 :88l-899,
December, i960.

10M. A. Schwarz, "Tissue Changes Incidental to Ortho
D
dontic Tooth Movement," International Journal of Orthodontia,
18:331-352, April, 1932.
-^George V. Newman, "A Biomechanical Analysis of the
Begg Light Arch Wire Technique," American Journal of Orthodontics , I4.9 :721-739, October, 196JT

the key to success in anchorage preservation.

Begg stated

that, ’’These light forces leave the larger-rooted posterior
anchor teeth almost stationary.”32

Barrer33 commented further that the principle of dif
ferential force was possible because of the difference in
root surface area of one tooth as compared to that of another.
The greater the surface area of root and bone contact, the
greater would be the force required to initiate movement.
E.

Root Surface Area
A review of the literature revealed that little work

has been devoted to a determination of actual root surface
area of the anterior and posterior teeth involved in anchor
age.
In a study of root resorption, Phillips^ measured the
surface area of a small number of maxillary and mandibular
central and lateral incisors.

He covered the roots with tin-

foil, then carefully removed the foil in sections and com
puted the surface area, using a compensating polar planimeter.
The roots of cuspids and posterior teeth were not measured in
this study.
32p. R. Begg, ’’Light Arch Wire Technique,” American
Journal of Orthodontics, Ij.7(1) :32, January, 1961.

G.
Barrer, ”A Survey of Begg Treatment,” Ameri
Journal of Orthodontics, 1|9(7) ik-'94-506, July, 1963.
3^\J. R. Phillips, ’’Apical Root Resorption Under Ortho
dontic Therapy,” Angle Orthodontist, 25:1-22, January, 1955.

15

McLaughlin-^ devised a method of quantifying root

substance, but his measurements were of volume and weight
rather than actual surface area.
Using mathematical equations, Jarabak and Fizzell-^
described a means of "projecting” the area of a maxillary
cuspid.

Using this method, only the conical, more symmetri

cally shaped anterior teeth could be considered, and to a
very limited degree.

Using this procedure to measure the

surface area of the multirooted posterior teeth would be
highly impractical.
Storey and Smith37 noted that the ratio of root
surface area between the cuspid and molar anchorage unit is
approximately 3:8* but they did not document the means by
which they ascertained this ratio.
Summary of Review of the Literature
Success of orthodontic treatment is synonymous with
maintenance of anchorage.

Through the years, the emphasis

-^K. D. McLaughlin, "Quantitative Determination of
Root Resorption During Orthodontic Treatment" (unpublished
Master's thesis, The University of Tennessee, Memphis, 1962).
J. R. Jarabak, and James A. Fizzell, Technique and
Treatment with the Light-Wire Appliance (St. Louis: TKe
C. V. Mosby Company, 1963), pp. 25Lj.-265.
-^E. Storey, and R. Smith, "Force in Orthodontics and
Its Relation to Tooth Movement," Australian Journal of
Dentistry, 56:16, February, 1952.
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of anchorage preservation has been on the use of intra- and
extraoral mechanical devices designed to fortify this impor
tant factor.
In recent years, there has been a trend toward the
application of light forces in order to conserve anchorage
without using extraoral appliances.
The success of the Begg technique, which employs these
so-called light forces, depends upon using them within a
physiologic range and upon the comparative root surface area
of anterior and posterior teeth.
Since variations in root surface area exist from
patient to patient because of such factors as heredity, mal
formation, degree of maturity, and pathology, it appears that
the knowledge of the average root surface area of specific
teeth and that of opposing teeth would be a useful adjunct in
evaluating the potential anchorage in various individuals, and
in predicting, to some extent, the success of treatment.
The purpose of this study was to record the average
root surface area of the teeth involved as anchorage units,
and to determine if there are means by which this can be done
that might prove to be of clinical importance.

III.

MATERIALS AND METHODS

Materials
The following materials were used in this investi
gation:
1.

Extracted Teeth:
33 Maxillary centrals
33 Maxillary laterals
33 Maxillary cuspids
33 Maxillary second bicuspids
33 Maxillary first permanent molars
33 Mandibular centrals
33 Mandibular laterals
33 Mandibular cuspids
33 Mandibular second bicuspids
33 Mandibular first permanent molars

2.

Mounting racks for coating and drying teeth

3.

1 Bottle of air-curing latex

[4..

Crown and bridge scissors

5.

7 A Spatula

6 . Graph paper
7.

Fiber board 12n x 12”

8 . Straight pins
9 . Watercolor brush
1 0 . Plastilene for holding teeth
11.

Fine-pointed pencil for tracing root outlines

12.

Compensating Polar Planimeter (Keuffel & Esser)

13.

330 Periapical x-ray films

II4..

Dental X-ray Machine

15.

Specially-made transilluminating box for
tracing periapical x-ray films.

18
16.

Boley millimeter gauge

17.

Millimeter rule

18.

Calculator (Priden)

Methods
Three hundred thirty extracted permanent teeth were
used in this study.

These teeth were obtained from the Uni

versity of Tennessee College of Dentistry, Departments of
Dental Anatomy and Endodontics.

Care was taken to select the

teeth with certainty, and this was the only criterion.
For the purposes of statistical analysis, a minimum of
thirty-three teeth per type tooth were obtained for the
sample.

Ten types of teeth were used in this study.

Selec

tion of teeth was based on a typical four-bicuspid-extraction
treatment, using the Begg technique; the teeth excluded were
the first bicuspids, second and third permanent molars.

No

distinction was made about which side of the mouth the teeth
came from.

19
Several methods of appraising root surface area were
considered.-^®>39,i|0

since these methods were limited to

teeth with conically shaped roots, or were unsuitable for
measuring large samples, a special technique was devised.
The roots of the extracted teeth were coated with a
thin layer of liquid latex; the latex was applied by brush
and carefully terminated at the cemento-enamel junction of
the teeth.

After air-curing, the latex was removed and slit

in such a manner that upon removal it could be placed upon a
flat surface and its perimeter traced on graph paper.

The

surface area of this irregularly-shaped figure was computed
by using a Compensating Polar Planimeter (#N lj.236m, Keuffel
and Esser Co.).

A planimeter^-1 is an instrument designed to

determine the area of an irregularly-shaped object.

The

irregularly-shaped figure of each tooth, which represented
the surface area of its root, was traced three times and
averaged to avoid errors in measurement.

Tracings of sixteen

®®J. R. Phillips, ”Apical Root Resorption Under Ortho
dontic Therapy,” Angle Orthodontist, 25:1-22, January, 1955.
®^k . D. McLaughlin, "Quantitative Determination of
Root Resorption During Orthodontic Treatment” (unpublished
Master's thesis, The University of Tennessee, Memphis, 1962).
^ J . R. Jarabak, and James A. Fizzell, Technique and
Treatment with the Light-Wire Appliance (St. Louis: The
C. V. Mosby Company, 1963), pp. 25^-265.
^Manual, The Compensating Polar Planimeter (Hoboken,
New Jersey: Keuffel and Esser Company, 1914-9 ).
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of these irregularly-shaped figures are shown in Figure 1.
From these computations, the actual root surface area of all
the teeth was recorded.
The next goal was to develop a practical means by
which the clinician could ascertain from periapical x-rays of
teeth, the approximate root surface area of the teeth.
An accurate clinical roentgenographic appraisal of the
size of maxillary teeth can be severely limited by the
inability of the dentist to correct for the angulation of the
palatal vault.^

The inherent distortions that invariably

occur on the x-rays limit, in turn, the practicality of evalu
ation of maxillary anchorage by this method.
only the cuspid was analyzed in detail.

For this reason,

The cuspid was

included because an optimum ratio of root surface area should
exist between this tooth and the root surface area of the
molar anchorage unit.^>Wl
The mandibular molars and bicuspids do not present the
same problem of distortion in x-ray reproduction since the
films can be more easily placed in such a position that they

^Manual, Textbook of Selective X-ray Technique
(Rochester, N. Y.l Ritter Company, Inc., 1951)/p. 25.
^ E . Storey, and R. Smith, tfForce in Orthodontics and
Its Relation to Tooth Movement," Australian Journal of
Dentistry, 56:16, February, 1952.
^"P. R. Begg, Begg Orthodontic Theory and Technique
(Philadelphia, London: W. B . Saunders Company, 1965), pi 106.
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Figure 1. Tracings of Irregularly-shaped Figures
Which Represent the Surface Area of the Roots
of Sixteen Mandibular First Permanent Molars.
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lie parallel to the long axes of the teeth.^

For this

reason, and because of its primary importance in anchorage
stability, particular emphasis was placed on the mandibular
molar anchorage unit.
X-rays were taken of the extracted teeth.

The film-

root distance was adjusted to simulate the approximate space
interposed by the tissue of the patient.
The x-rays recorded the maximum cross-sectional area
of a plane passed mesiodistally through the long axis of the
roots of the teeth.

This was done to determine whether a

correlation existed between the cross-sectional area of the
root shown on the x-ray film, and that of the actual root
surface of the same tooth.
A specially designed tracing box was constructed so
that the outline of the teeth could be traced directly from
the film without affecting the action of the planimeter and,
therefore, its accuracy.
In tracing the root outline of the teeth, the cervical
border was a constructed line drawn by pencil on the film
spanning the cemento-enamel junction from the mesial to the
distal surfaces of the teeth (Figure 2).

This was done

because of the difficulty in detecting the entire mesiodistal

^Manual, Textbook of Selective X-ray Technique
(Rochester, N. Y.l Ritter Company, Inc., 1951), p • 25.

Figure 2. Method of determining cervical border of root
outline on x-ray film.
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cemen to-enamel junction on the x-ray film.
The root length and

cervical width of the teeth were

measured from the x-rays, using a millimeter rule.
Using a Boley gauge, the crowns of the extracted teeth
were measured mesiodistally and buccolingually.

IV.

FINDINGS

The average surface area of the roots of the various
teeth is inscribed in the graphic representation of the teeth
in Figure 3.
Measurements of the mandibular first permanent molar,
the mandibular second bicuspid, and maxillary permanent
cuspid are given in Tables I, II, and III, pages 27, 29, and
31.

These measurements include actual root surface area in

square millimeters, root surface area determined by a twodimensional x-ray measured in square millimeters, and root
length determined from the x-ray film measured in milli
meters.

The buccolingual and mesiodistal measurements of the

crowns were not included in the tables because they proved to
be of little statistical value.
A statistical analysis was made to determine whether
the actual root surface area of a tooth could be predicted by
its surface area shown on the x-ray film, or by its root
length.

The degree of correlation or predictability is

included in Table IV, page 33.

Statistically, a correlation

coefficient of .5 is considered to be significant, and one of

1 .0 would be perfect.
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Figure 3. Average surface area of roots of various teeth in
square millimeters (including the first bicuspids).
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TABLE I
ROOT LENGTH, ACTUAL AND X-RAY-DETERMINED ROOT SURFACE
AREA OF THIRTY-THREE MANDIBULAR
FIRST PERMANENT MOLARS

Actual
Root
Surface
Area (mm^)

X-ray
Root
Surface
Area (mm^)

7

37.3

9.2

1 1 .0

8

38 .6

9.1+

1 1 .0

6

39.9

9.6

12.5

22

14-0 .6

9.8

1 3 .0

20

l\.1 .6

1 0 .1

1 3 .2

27

1+1.9

10 .2

13.5

5

1+2 .1

10 .2

11+.5

21

1+2.5

1 0 .1+

ll+.O

23

1+2.5

9.9

12.5

33

I4.2.6

1 0 .5

13.5

214-

1+3 .1

10.7

13.7

18

1+3 .3

10.7

ll+.O

9

1+3.6

10 .6

1 3 .0

k

1+3.9

10.9

ll+.O

16

144.2

11.0

16.0

25

i|4.6

10.9

ll+.O

10

1j4*9

1 0 .8

1 3 .0

26

1+1+.9

10.7

1 5 .0

15

1+6.2

10.8

1 5 .0

Tooth
Number

Root
Length
(mm)

28
TABLE I (continued.)
ROOT LENGTH, ACTUAL AND X-RAY-DETERMINED ROOT SURFACE
AREA OP THIRTY-THREE MANDIBULAR
FIRST PERMANENT MOLARS

X-ray
Root
Surface
Area (mm^)

Tooth
Number

Actual
Root
Surface
Area (mm^)

32

I48.I

10.9

114.0

2

i^.8.2

1 1 .0

16 .0

13

50.3

1 2 .0

1 7 .0

3

5 1 .6

1 1 .0

1 6 .0

31

5 1 .6

11.7

1 6 .0

29

52.3

11.5

1 5 .0

28

52 .6

12 .2

15.5

11

53.9

1 2 .1;

16 .0

19

57.2

H 4 .0

18 .0

30

57.1

1 2 .6

II4.0

1

57.2

1 2 .6

1 7 .0

17

58.2

12 .8

1 7 .0

12

58.5

1 2 .8

16 .0

2k

62.3

12.9

1 7 .0

1567.1).

366.8

Total
Mean

14.7.14-96

11.11

Root
Length
(mm)

1480.140
114.557
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TABLE II
ROOT LENGTH, ACTUAL AND X--RAY-DETERMINED ROOT SURFACE
AREA OP THIRTY--THREE MANDIBULAR
SECOND BICUSPIDS

Actual
Root
Surface
Area (mm2)

X-ray
Root
Surface
Area (ram2)

3

19.2

5.5

114..0

30

19.2

5.3

1 3 .0

2k

20.0

5.5

15 .0

9

2 1.0

6 .2

18 .0

25

2 1 .1

6 .If.

1 5 .0

fc

22.0

6.2

1 6 .0

12

22 .0

6 .1^

1 5 .0

Ik

2 2 .2

6.5

1 5 .0

17

22.3

6.5

16.0

1

2 3 .0

6 .6

1 5 .0

15

2 3 .2

6.5

1 7 .0

20

23.3

6.5

1 5 .0

21

23.3

6 .6

16 .0

27

23.3

7.2

1 7 .0

6.5

1 8 .0

Tooth
Number

28

Root
Length
(mm)

31

23.5

6.5

1 5 .0

13

2k.2

6.6

16 .0

19

2k. 2

7.0

18 .0

23

2k-3

6 .6

1 5 .0

30
TABLE II (continued)
ROOT LENGTH, ACTUAL AND X--RAY-DETERMINED ROOT SURFACE
AREA OF THIRTY--THREE MANDIBULAR
SECOND BICUSPIDS

Tooth
Number

Actual
Root
Surface
Area (mm2 )

29

X-ray
Root
Surface
Area (mm2 )

Root
Length
(mm)

6.7

18.0

2

25.2

7.0

16 .0

6

2 5.2

6.8

17.5

8

25.2

6.8

16 .0

10

25.4

6.8

1 5 .0

18

25.4

7.3

1 7 .0

22

25.5

6.9

1 8 .0

33

25.6

7.5

1 6 .0

11

26.0

7.7

1 7 .0

16

26.0

7.5

16.0

32

26.2

8.0

1 7 .0

5

27.1

8.0

18 .0

26

3 1 .0

8.4

1 8 .5

7

32.0

8.6

17.0

Total

794-6

223.8

Mean

24.0

6 .78 1

510.80
15.478
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TABLE III
ROOT LENGTH, ACTUAL AND X-RAY-DETERMINED ROOT SURFACE
AREA OF THIRTY-THREE MAXILLARY CUSPIDS

Tooth
Number

Actual
Root
Surface
Area (mm^)

X-ray
Root
Surface
Area (mm^)

Root
Length
(mm)

8

2 3.0

6.2

16.5

26

2 3 .0

8.3

17.0

27

23.1

6.5

17.0

33

23.3

6.1+

17.0

2

2k. 0

6.8

18 .0

3

2 5.0

6.8

19.0

10

2 5 .0

6.9

17.0

2k

2 5 .0

6.7

17.5

7

26.2

6.8

18 .0

15

26.3

7.0

1 7 .0

21

26.3

9.0

17.5

30

2 6 .14.

7.0

1 8 .0

12

2 7 .0

7.0

17.0

13

28.0

7.5

20.0

16

28.0

7.0

17.0

17

28.2

7.5

19.0

19

28.2

7.5

1 8 .0

20

28.3

7.5

20.0

22

2 8 .1+

8 .0

18 .0

32
TABLE III (continued)
ROOT LENGTH, ACTUAL AND X-RAY-DETERMINED ROOT SURFACE
AREA OF THIRTY-THREE MAXILLARY CUSPIDS

Tooth
Number

Actual
Root
Surface
Area (mm^)

X-ray
Root
Surface
Area (mm^)

23

28.k

8.5

19.0

25

28.5

8.2

19.0

29

28.5

8.2

2 0 .0

32

28.6

8.k

1 8 .0

6

29.0

8.1

21.0

11

29.2

8.if

18 .0

17

29.2

8.5

21.0

18

30 .0

8.6

21.0

k

3 1 .0

10.0

19.0

1

3 2 .0

9.5

20.0

31

32.3

9.2

22.0

5

31+.0

11.0

20.0

9

38.0

12.0

23.0

28

38.0

9.5

20.0

929.0

250.6

6 19 .5

Total
Mean

28.15

7.5 9 3

Root
Length
(mm)

1 8 .7 7 2
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TABLE IV
MEAN, STANDARD DEVIATION, AND COEFFICIENT OF CORRELATION
OF ACTUAL ROOT SURFACE AREA, TO X-RAY-DETERMINED
ROOT SURFACE AREA AND TO ROOT LENGTH

Mandibular
First
Molar

Mandibular
Second
Bicuspid

Maxillary
Cuspid

Mean Values:
Actual root surface
area (mxn^)

1+7.1+

Root surface area on
x-ray film (mm2 )

1 1 .1

Root length in milli
meters

11;.55

2k. 0

2 8 .1

6 .78

7.5

15.1;7

18.77

Standard Deviation:
Actual root surface area
to root area on x-ray
film
Actual root surface area
to root length

•667

i.lk

.277
1.35

.370
1.61;

Coefficient of Corre
lation:
Actual root surface area
to root area on x-ray
film

.91;-6

.933

.895

Actual root surface area
to root length

.82

.575

.759

V.

DISCUSSION OP RESULTS

The findings of this study indicate that the ratio of
root surface area of the canine to root surface area of the
molar anchorage unit is 3:8.

This corroborates the statement

by Storey and Smith^ relative to the ratio of root surface
areas of these teeth (Figure I4., A and B).

At the risk of

being arbitrary, it should be pointed out that a misconcep
tion may exist concerning what comprises the molar anchorage
unit.
Begg has made the following observation:
As it has long been the concept that the amount of
force required to move teeth is in positive ratio to
the surface area of the tooth root attached to the
bone by the periodontal membrane, Storey and Smith
reasoned that the behavior of both the canine and
first permanent molar is consistent with this concept,
because the ratio of area of contact of tooth roots
with bone in the canine and molar is approximately
3:8.^7
The !?molar anchor unit” specified by Storey and Smith
does not consist of the mandibular first permanent molar
alone, as suggested by Begg, but also includes the mandibular
second bicuspid as an integral part of the unit.

The ratio

^ E . storey, and R. Smith, "Force in Orthodontics and
Its Relation to Tooth Movement,” Australian Journal of
Dentistry, 56:16, February, 1952.
^■7p. R. Begg, Begg Orthodontic Theory and Technique
(Philadelphia, London: W. B. Saunders Company, 1905), p. 106.
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Figure Ij.(A), The comparative root surface area
of the mandibular cuspid to the mandibular
molar anchorage unit approximates the 3 :8
ratio estimated by Storey and Smith.

Figure I4.(B). The comparative root surface area
of the maxillary cuspid to the mandibular
molar anchorage unit approximates a 3 :8
ratio.
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between the cuspid and a single mandibular first permanent
molar would be approximately 3:5 rather than 3:8.

This ratio

would indicate a less favorable relationship than may have
been previously assumed (Figure 5> A and B).
If the advantage the molar was proposed to have in
root surface area is less than was realized, does it not
follow that a closer examination of this factor is in order?
It is not the purpose of this investigator to question
the effectiveness of the Begg technique.

The confidence

expressed by Begg^-® in the stability of the molars obviously
has been justified.

Superior results have been attained with

the lightwire technique for many years, and by an ever
increasing number of orthodontists.
A more appropriate goal is to encourage clinicians to
evaluate all elements which influence anchorage stability.
There are several factors which, in combination, will give
the mandibular molar anchorage unit an advantage in retract
ing the maxillary anterior teeth (Figure 6):
1.

"Anchor bends" in the archwires which cause
any mesial movement of the molars to be bodily
in nature. This is similar to the toehold
effect used by Tweed.

^ P . R. Begg, Begg Orthodontic Theory and Technique
(Philadelphia, London: W. B. Saunders Company, 1965), p. 110.
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Figure 5(A). Comparative root surface area of
the mandibular cuspid to the mandibular first
permanent molar is 3:5*

Figure 5(B). Comparative root surface area of
the maxillary cuspid to the mandibular first
permanent molar is 3:5*
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Figure 6. Factors that give the mandibular molar
anchorage unit an advantage in the retraction
of the maxillary anterior teeth.
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2.

The anterior teeth are tipped, which requires
much less force to accomplish than would a
bodily movement.

3.

Light physiological forces.

ij..

Support given the first molar by contact with
the second bicuspid.

5.

The overall comparative root surface area of
the posterior teeth is greater than that of
the anterior teeth (Figure 7, A and B).

Effective anchor bends, the free tipping of the ante
rior teeth, and physiological forces have all been discussed
at length in orthodontic l i t e r a t u r e »50,51
tance has been stressed time and again.

Their impor

The last factor

listed, that of comparative root surface, has been neglected
and, possibly, at the expense of the patient.
The final purpose of this study was to determine
whether there is a practical means by which the clinician
could effectively evaluate the anchorage potential in indi
vidual patients with regard to root surface area.
The statistical analysis clearly showed a high corre
lation between actual root surface area and the

^George y. Newman, nA Biomechanical Analysis of the
Begg Light Arch Wire Technique,n American Journal of Ortho
dontics^ 1j.9:726-727, October, 196JI
^°H. G. Barrer, "A Survey of Begg Treatment,” American
Journal of Orthodontics, I4.9(7) rij.92, lj.96, 505, July, 195JI
5!p. R. Begg, Begg Orthodontic Theory and Technique,
(Philadelphia, London: W. B. Saunders Company, 1963), PP83, 96, 107, 109, 112, 131, 133, 165-192.
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Figure 7(A). Root surface areas of opposing
anterior and posterior segments.

Figure 7(B). Root surface areas of areas of
anterior and posterior teeth compared.

two-dimensional area shown on x-ray film.

Root length corre

lation was not as significant but would still be of some
clinical value in anchorage appraisal.
The polar planimeter is the most accurate means by
which the root area on the x-ray film can be measured but,
because of its expense, it is not within the realm of practi
cality for the clinical orthodontist.

In order to overcome

this obstacle, a template has been designed which is
admittedly less accurate than the planimeter, but is simple
to use, inexpensive, and a definite aid in estimating root
surface area (Figure 8 ).
The template is a practical approach to appraising
root surface area, but it has inherent inaccuracies.

One

such inaccuracy may occur if the entire length of the root is
not supported by alveolar bone; e.g., in adult patients with
pathological bone resorption.

The portion of the root

nearest the crown represents a greater surface area than does
that area towards the apex of the root and would, therefore,
have a significant influence on accuracy.
In patients exhibiting bone resorption, the cementoenamel junction should not be used to determine the cervical
border of the root, but more accurately, the crest of the
supporting alveolar bone (Figure 9, page I4.3 ).
This template is made of clear vinyl plastic and
depicts outlines of roots of the mandibular first permanent

Figure 9. Method of determining cervical border
of root outline on x-ray when roots are not
fully supported by alveolar bone.

molar, mandibular second bicuspid, and maxillary permanent
cuspid.

The outlines of the roots of the three teeth are

representative of the mean root area, and the smallest and
largest roots measured in the sample.

Included on the tem

plate is a millimeter scale to measure root length.

The mean

length, and shortest and longest roots measured in the sample
are indicated on the scale.
By matching that root outline on the template which
corresponds most nearly to the root of the tooth under
observation, an estimation can be made of its actual surface
area and anchorage potential.

The root length should also

be considered as less accurate but useful and adjunctive
information.

VI.

SUMMARY

The comparative areas of root surfaces of the anterior
and posterior teeth are important factors in anchorage
stability.

This has particular application in the Begg

lightwire technique in which differential force obviates the
necessity of using extraoral anchorage.
While an optimum ratio is assumed to exist between the
molar anchorage unit and cuspid, a review of the literature
revealed that little work has been done to appraise accu
rately the root surface area of the teeth involved as anchor
age units.
A method was devised to measure the actual root
surface area of extracted teeth, and the results were com
piled.
It was demonstrated statistically that the actual area
of the root surface of a tooth could be predicted with an
average correlation of .93 from the area shown on a regular
periapical x-ray film.

Root length measured from such an

x-ray film was also shown to be statistically accurate and,
therefore, a useful adjunct in an evaluation of anchorage.
A template was designed to aid the orthodontist in
estimating actual root surface area and, therefore, anchorage
potentials.

VII.

CONCLUSIONS

The comparative root surface area of the anterior and
posterior teeth is less favorable for the stability of molar
anchorage than has been supposed.
Although the Begg lightwire technique has proven to be
an effective orthodontic appliance, this study demonstrated
the necessity of making a careful pretreatment evaluation of
the root surface area of teeth in the anchorage unit.
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